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ABSTAAGT 


Application of the results of an investigetion of 
propagetion on & chargee-free helix, conducted at the 
Reseerch Laboratory of KLlectronice et #.1,°., hee made 
possible the eonstruction of travelingewave aaplifiers 
thet heave # higher ststble gein then eny of the earlier 
tubes constructed et thet leboratory. The principal design 
changes include « reduction in the moan diemeter of the 
helix end the use of « clogee-fitting less tube for suppert- 
ing the helix. Sweereus mechanical diffleulties, priverily 
in conneetion with the slisament of tuove parts, presented 
themselves. These were overcome vell enough so thet tro 
tubes, niving neerly the same performance, were finally 
built. 

GQselllograms of the wxin versus beam voltage enarace 
teristic were obtained, These differ from similar oscillo- 
grame ovteined *eariler in that they do not ghow the customery 
interference pattern on eitner side of the srinelpel gein 
pesk, They ale0 show that an inerease in the input power 
esuses &n increzse in the voltsge of optimum gein. The 
curve of eptimum voltage vérgus frequency is Tiat in the 
operating region, which is betwecn 8400 and J600 nmegmaycles 
per second. 

Curves cf output power versua input power show that 
the gain ie nearly conetant only for very low values of 


ingut power, and that saturetion Limite the mexlaum power 
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Output te about 50 my. Meximun stehle gaing of shout 23 
Gb over = bandwidth of wore than 1200 megacyeles per second 
were obtained. 

aeaguremente were mado wenich indiante that there Le a 
ehange in phtee shift of the cutout which ie &® linear fume 
tion of the beem voltage. sinereeaing the Seam voltece by 
50 volts resulte in a 4% redian deoresse in the phase angle 
oy which the output Iisgs the input. Gonverting thia chenie 
of phase shift to ® change in the phese constant of the 
growing wave provides @ qualitative oheck on the theory. 

& noise flieure of 28 db above 1S wee measured. This 
noise figure i9 indepsndent of the oeam current whieh ine 
diostes thet the nolee iz probably due prineipraily te 
partition noisa, since the percentage of beam current 
arriving at the collector is also nearly indenpernient of 
the total benmm current. the results of en attempt to ime 
prove the nolae figure by mesne of positive feedhack were 
insonelusive ang a more complete inveztization gheuld pe 


made, 
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Uenermi Informatioan. 

The traveling-wave amplifier which offers posalbilities 
of high esin over vide bandwidthe at microveve frequencies 
is the subject of u developments) programa currently aetive 
at the Aessarch Laboratery of Sleectronicas at N.T.i2. hie 
paper deals with the conatruction anc performance of tubes 
which were Dullt es 8 pert of this nrogrem. CUnopter | serves 
a¢ San introduction and deserives the relationship of the 
pertiouler tubes studied to the entire oYngram. CGhupter if 
Gderls with tne tecnniques used in constructing the tubes in 
Cludiag the numerous difficulties which were snescunteread, 
while measurements of tube performence, including interpre ta~ 


tion of these measurements, are covered in Chapter (12, 


Simple theory. 


the operetion of a traveling-wave amolifier asy be 
considered &5 en extension of the orinciple ef operstion of 
the enserde Klystron, Consider « ceseade Klystron in wich 
the number of resonant cavities is lerrge, and the drift 
apiece betwaen cavitles has been retiuced to zere, so thet the 
interzetion spece between the beam and the ref flelia 
exLating in the eavities is continuous. Then if the oroper 
coupling is provited between the ecsivities so thet Were is 


& constant phose Gelay ocetween the flelis exieting in any 
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one cevity and the fields existing in the preeecding savity, 

it seema reasonedle that the elestran beam passing through 
the interaction sapsce will be subjected to a egontinuouse 
bunching setion, and furtherwore that there will be a aon. 
tinueus interchange of energy between the beam and the flelds. 
If the fields are giving up energy to the beem, the device is 
@ linear secelernior, whereas if tne beam is giving up enerey 
to the fislds, 1t lz a traveling-wave amplifier. 

Although the sbove analogy may be useful in bridging the 
gap between Klystrons and trevelingewave tubes, &@ more direct 
statement of the essential elements of the principle of oper- 
ation is desirevle. thila orinciple was firet sugeeated by 
Kompfner' who oointed out that it is paaei tae to achieve 
emplifieation by directing an eleatron besm along &@ wavre~ 
guiding ayatem, previded thet the following sonditions are 
met. 1. The system must be capable of proparceting e slow 
mode sO that the phese velocity of properation ia nearly 
equai to the velocity of the beam. ¢. The slow weve propa- 
geted by the aystem must have a component of eleetrie field 
which is colinear with the direction of setion ef the been, 
sinee only sy doing work aepainest an opposing field can the 
oeam electrons give up energy to the wave. Several analyses 
have ainee been mede both for specific guiding systeme and 
for the general ease of an unspecified guiding system, Moat 
of the analy ses**? heve been made under the assumption of 
eméll signele, 1.6., the echenge in the enargy of any electron 
is tt @ gmell part of the initial kinetic enerzy of the 
electron. it ie further sssuised thet in the abeence of an 


* Superseripts refer to diblicgrapny. 
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electron beam the gyatem Le cepable of preoparmeting & single 
forvard Fave with a propsystion coanstent wnose real part ie 
either negative or zero Gepending on whether the ayetem is 
&saumed t6 ne losay or losaless. Under these conditione the 
presence of an electron osan of the preper velocity near the 
eystem causes the single forwerd wave to break up into three 
forvars weaves and one reverse wave, The exact neture of the 
propagation eonstenta of these four eaves depends on wnethar 
the system is aesumod to be lossy or lossless. in general, 
the reverse weve and two of the forward waves ara chorseter~j 
ized by propagation cenatents heying negstive resi parts, 46 
that these weves are attenuated with diatance along the syvetea. 
On the other han’, the propegetion constent of the third 
forward wave hig a positive real pert, so that this weve 
growr in amplitude ag Lt propsgetes along the system, Given 
theese concitions it is only neeessery to provids suitable 
means for introducing * slgnal onte the guiding system, and 
for removing the amplified weve from the system, in order ta 


eonstruct a traveling-wave amplifier. 


uxperinental vats Previously Aeported. 

*% Number of traveling-wave samylifiersn heve been ball 
and their performance reportad by verious investizetors. 
fnese tubsos may oa classified secording te the power level 
and the nominel frecuency at which tney operete. In seneral 


a1. of them are charecterized by wilde bandwidths and rather 


high neilse figures. The tubea with which this onoer Le 
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concerned are designed to operate at an ontout power level 
of several milliwstts ané et « frenueney of about 9000 
megesycles pes second. “© sumnary of the performance of 
comparable tubes, as reported oy other lnvestixzators, ia 
tatmileated below, hie teble may be used to integrate the 
results reperted herein with the general dereloypmenatel 
pictvre of tubes operating et the eboveementionsd sower 


Lavel and frequency. 


Reported Meximum sand- Noise Oecil- Uso. Vavee 
by gein width srigure le tion length 
6 . . ' , 
Field 13 &b 1000 me/e Kot koa Hot 
reportad raported 
Qnter’ +41 db Rot Hot tes Not def+ 
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longer than 
Le Of. 
Sehreiter” 1 db 606 me/s 41 db Yee Anned ne 
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9 om. 


The tubes reported on by L2ochraiter were develoned under 
the ea#me crogram os the tubes revorted on in this paper, 
¥etella of the chenges in Gesign which were mede to in- 


erence the strbie gain fre given on page 135 Below. 


Princips] »esian Fertures. 
the design of the tubes whose verfornance ig reported 
in this péper la patterned after a design first oublishad 
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oy Pierce and Field’, whieh hes become « nore or Lessee cone 
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in Fiwure 1 the guiding system consists of e single wire 
helix. Uver the main pertion of the helix ite plten is held 
Qe neerly constant as possible. Aner the enia, the helix 
piteh is greduelly incressed to form & smooth trangitien 
between the helix proper and its extreme ends. The extrane 
enis, which are pulled out fairly straight, are velded to 
matehing slugs. An electron gun is provided ot the input 
ena of the tube ta suoply @n electron beam which Le shot 
through the inslde of the heliz slong ite lonvitudinal sxis, 
ideally the entire beam should traverse the «hele length of 
the helix and be eollected on the eellector provided at the 
output end of the tube, Actually this situation was not 
achieved, a metter ebout which sere #ill be eaid later. Ag 
shown in Figure 1, tne tube is inserted inte s set of input 
aad outout waveguide seetions. the taperedepiteh portion 
of the helix enhances excitation of the desired slow mode, 
while the sluzs maze it poasible te echieve *# ?sir maten 
between the waveguide and the nelix. “ eheke is provided 
on the gide of the waveguide away Prom the helix te reduee 
the undesired radistion into free spate. 4 ahoart section 
of the helix is eurrounied by a losay mi terial in order to 
reduce the tenmiency of the tube to ogselllates es e result of 
internal feedbeok caused by multiple reflectians between 
the outrut and the input. 

there Pre twa major differences in desivn between these 


tubes and the vreceding tubes of this program shose perform- 
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ance is summarized on perce 10 above. One of there differ. 
ences concerns the mean dlemeter of the helix which # ¢s 
reduced from about 0.125 inches to snout 0.065 inches. Phe 
Cther difference concerns the configuration of the dielectric 
material necessary to suzpert the helix, sinee the helix 
dees not have snough mechanical stremoin te supvsert itself. 
in the eerller tubes this dielectric mmterial wag in the form 
ef four ceramic rods causally epaced eround the outside of the 
helix, din thease tubes, support Por the hellx is provided sy 
& Glose~fitting glage tube which surrounds the helix. The 
reasons for meking theca chenges invelve considerations of 
gain, stacility, and feeility eof cansatruction. 

The exrlier tunea net only exhholted vather low erin 
but were alec unsteble. his inetebllity menifested iteslf 
in the form of uncontrollable oscillations which appeared in 
spite of the presence of logsy meterial which had been pleced 
Blong the nelix fer the express purpose of preventing such 
@ecilletionse. It apseered thet the oscillation wavelengths 
were somewhat grester than the signal wavelength. Wow in 
order to have oselllstions at any particuler wavelength there 
must be e@in at thet wevelensth. ««geoerdimg to the theory, 
ghin can be reelized only wren the beam velocity is very 
nearly equal to the phase velocity of the wave with the team 
absent, This reasoning led to an investigation of the effeet 
of dielectric supports on the pheee veloelty of & weve 


propagating rRioang & helix”. Ths results of thie investiga 
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tion ere sumisrized nere to explain the rersona for making 
the design changes mentionsd svove. 

figure 2 snows curvea of phese velocity s6 a function 
of frequency for verious dlelectric supperts. the operate 
ing polaut of the earlier tues vorreavonded roughly to 
point 1 af curve 4. Uleserly vnen the beam velecity eas 
adjuated to precduce gela si the freauency corresponding te 
point 1, the tube eheuld alee exhliolt gain et the somewhat 
lower frequency corresponding to point 2. Tre auestica 
then arises whether gain end gascillations are enually 
propsadole at beth polnte 1 and 2. Pisure 3, which shows 
gurvea of the theoretical waln per unit length «es @ fune~ 
tion of frequeney, lacicates that the gein at point 2 of 
curve 3, Flgure 2, should be somewhat greater than the ain 
@t point 1 of the eame curve. In the case of oseillations 
4% snould be recalled that oselliletions require some sort of 
feedback, 1% ig therefore necessary to exemine whather this 
feedback 1s 4l1s0 equally probeble at volintse 1 and 2. “ave~ 
guide junetions adjusted for a fair meteh at the Preouensy 
@f point 1 will surely exnivit «a bed mismetoh et the fre- 
quency of polat ec, with the result that the wegnitude of 
the reflection evef ficients at tre waveguide junctions will. 
be nearly equal to ona. Finelly the attenustion of the 
reflected wave will be less at the Treauency of point 2 bee 
exuge Lt is generally true thet attenustion in any such 
system increseeve wlth inersesing frecueney. “11 these face 


ters, considered jointly, might well serves te axplein why 
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the exrller tubes oscillated at vevelenzths somewhat loncer 
than thet of the signal. 

Agsuming thet the #bdove explanation la essentially 
Gorreact, two procedures sugpeest themselves, aeeon eof which 
shouid result in increased stability. The first of these 
ig to support the nelix in sucoh A way that the dispersive 
charrzeter of & helix in free space is retained. Curve ¢ 
of Fisure 2 inédiesntes that this cen be accomplished if the 
helix Lge supoorted by em thin dieleetric anell. At 9006 
meceeyeles per second it is impractical te use a thin shell 
because the relative wall thickness of glieess tubing ineres seg 
rapidly with deoressing bere, Figure 4 showe that for ea 
thick dielectric ehell the phase yvyelooitty cupve in the free 
quency region of interest becomes Plet, # situation which 
is just as bed as, if not warse then, the dip ins the phase 
velocity curve of a helix supported by rods, sea curye 38, 
Figure 2. The seaond procedure is te resolve the question 
of helix support on the grounds of facility of construction 
while reducing the helix diameter so 69 to incrense the tain 
per unit length in accordance with Figure 3. Under trle 
acheme the maximum gain should occur at frecuencies at which 
the waveguide junctions are fairly «ell matched. Since some 
e@in anould oecur #&t Tranuencias outealie the sandwidth of 
the junctions, this echeme requiras that some losay material 
he inserted along the helix to countaract the Min #t these 
tp 


out-of-baniwidth frecuencies, *nd make the tube eteable. he 
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net result of this preesdure should be an ineresasze in the 
ateble positive gain thet oowld be reslized, The tubes rem 
ported on herein were constructed in Reeordance with this 
second procedure. | 

*& third design ecnenge from the formar tubes congistad 
of incresaing the number cf nalix turns par inenh correeponée- 
ing te the decrease in helix diameter. This wes dene so the 
tubes would operate et aporoximately the seme acoselers ting 
voltege #2 the former tubes. vevera] other miner sechenter? 
chances ware neceacary as & result ef the principal chances 
enumerated savove. Detelile of the setusl conetruction, in- 
cluding the numerous difficultiacse encountered, sre given in 


the next chepter. 
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CONSTAUCTION OF TUBex 


dechaniosnl #reblemsa. 

& lorge number of mechanieal problems rere encountered 
in the constrwotion of tubes which exhibited enough positive 
sain to make meneureamente of their oerformance worthwaile. 
in spite of exnerlence gained with exrlier tudes, the first 
six tudes conetructad in this series were all failures. The 
meohanicesl problemg were sgeravated by the reduction in the 
helix diameter eince thia reculred thet ell parta hecome 
eorregpondingly omaller. che slienment croblea was mode 
worse by the omission of the dielectric rods, which had 
served te align the tube componente in esrlier tubes. Cone 
¢ider2zble prozras6 was made in tue solution of these proolens 
but addi tionel refinements in construction technique are 
gtiil needed. Specific items whieh reculre more sttention 


are discussed in Chepter LY. 


electren Gun. 

fhe electron gun ueed in theae tubes le of the Slercea 
type’. In order to expedite sconstruction of the tubes it 
wen Gecided te uae an exieting gum degizgn, even though tas 
gun itealf hed act been teated axparimenteally ot tha tine 
construction work wags started. the gun Was designed by 
tr. H. welly e¢losely folleving the teenniques enployed by 


iL. mH, iarrieé” in degigning the gun utec in ths earlier 
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tuses af thia progriaa. 

nig jum wea deaigned te vive 4 uw of entnode ourrent 
at 1500 volta. Ag a rewult of the eerllier work if weg ace 
peeted that sbout 80% of this current woulA actunily leeve 
the gun. fhe first fun tested gave 2 ma of cethede current 
at 2000 volta of which only 0.4 ma left the gun. “This poor 
performance was attributed vo the Paet that the Wele in the 
anode was tos emall. This hole was enlarged from 0,055 
inches to 0.076 inehes and en the next test at 2000 volts the 
gun geve 2.0 ma of asthoede ourrent, of which 0.2 mé Left the 
gun. thia iniileated thet gomething was dragticeily wreny with 
the gun 60 another check wes made on the design. it wee 
diseovered thet in meacnining the cathode eleetrodée on & prow 
fille cutter, no allowance hed been medo fer the finite redius 
of the eutting teot. Thus, &although the center of the tool 
followed the Gealired profile, the enape of the fTiniened elece- 
trode wee sonsidereoly in arror, ® new plot of the contour 
to be followed by the profile cutter wags made, with due ellowe 
ance for the radius of the tool. tne next teat showed a 
eathode current of 3.6 me at 150C volte of whick 1.6 fe left 
the gun. The next modificntion attempted, in order te isprove 
gun performance, vas the replecerent of the previous Nester 
oy & nom Ladue tl Pe tyne henter, This wea done te orevent the 
heater magnetic fiel¢c from interfering with the gun eetion. 
When teeted at 2100 volte the @un then drew 6.0 me of cs thode 
Current of whieh 3.5 ma left the mun, Cethoie ourrent fell 


to an unusgbly low value efter thle tuve had been opereted 
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enly a short time. thia wes attributed ta improper ectivae- 
tion of the cathode with the new ton-incduetive heater, since 
the cathode wea eo enclosed thet the emitting surfece could 
not be seen during sctivetion, end there was no way of xnoee 
ing when the proper activsetion tampereture hed been reached. 
The gun whe ogain modified oy drilling heies in the eathnode 
aleetrode, and by enlerging the existing holes in the gun 
gleeve. These holes served a twofold purpose by permitting 
direst viewing of the emitting surface during ectivetion, 
and by permitting feater pumping of the inside of the gun. 
ihe latter festure was of importance beestuse there wae reason 
to believe that the small pumping channels oriwinally pro- 
vided were peaulting in a gertain amount of ssif-polsoning 
of the cathode during activation, After this finel modifi- 
cation the gun drew 5.5 ma of cetnece current 2t 2000 volts 
of which 3.0 me left the gun. Although this wa2 «till 
considerably pocrer performence than hed deen anticipsted, 
the current aveallable from the gun was now adequate fer the 


problem «ff hand. 


Helix. 
The helix waa formed by winding sizx-mil tungsten wire 


onto a smooth plete of G.058 ineh driil red. The winding 
wis performed by turning the rod in «a Isthe and feeding the 
wire onto the rod by means of & aptelal jiw faatensd to the 
lathe carriage. The wire was Rept under about 40 pounds 


tension during the winding. iImmediately after winding, while 
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the wire wee still under tengion, the enls vere gecurely 
clamped. The helix end rod cere then fired at avout 790° G 
fer about 5 minutes in an atmosphere of hydrogen, bout 
helf of the hellces DSeaeme so brittle that they broke very 
eeslly and sould not De removed from the rods. sven after 
the others had been removed from the rods there was gtill 
the problem of aulling out the ends to form the trengition 
section between the metching slug and the main portion of 
the helix. It was found that « better procedure waa to Form 
the transition saection before the helix was fired, and this 
method was finally used. the first helices were wound at 

64 turns per iach with the result that interaction teek 
place at beam voltages of 1200 te 1500 velts. This waa 
later chanced to 46 turns per inoh so thet interaction weuld 
take plice 4% batween 1800 end 1900 volts, which corresponied 
to © better renge ef operstion for the gun. After the nelix 
had been prepered, it wae inserted inte a glinas tude whien 
ems tO cerve es ite sugpert in the finished tube, and the 
assenbly “a6 examined uncer @ toolmaker's microscope for 
uniformity of piten. If this sxaminztion revealed that the 
helix piteh was uniform to f 1%, the helix waa ready for 


ingertion in the tude, 


Uielsetric shell. 


The ALeleetric shell used to supvort the heliz consiate 





simply of a glass tube which ls centered in the envelepe by 


spaecere. In the first fer tubes no intentlonal loss sie 
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aided to reduce the tendency af the tubes to oscillete. Since 
Gevillztions cid oceur it wee Aceensary to out ia enme acded 
less. fhe insertion Llosa of a helix with ite metehing cluge 
wag teesured ag lh db, Fatnting shout one ineh of the cutsida 
af the glase shell with Aqumds¢ inerar sed tuia insertion loas 
to 23 4b. Inerecaing the length cf this painted section hed 
nea further effect on the insertion loss. wines this amount 

of losa did not apoesr to be adequate, «© section one-half inohk 
leng of the ingide of the ah611 wes printed with Aquader which 
ineresased the ingerticon loess te 35 db. Thies peinting wes ee~ 
complished by squirting the 4ousde¢ inside the ahell with e# 
Long eyedropper, and then washing .wsy the exeesne oy dipping 
the shell verticelly iate « besker cf water, Fone of the 


tubes treated in this manner ghowed any sl¢ne of caclila ting. 


ae 


AeP Coupling. 

There sre ® nwaber of requirements on the srrangesents 
used to couple mf power into and out of the tube. They 
should be slisple enough so thet thea tubs can be inserted into 
or rewoved from an ref line at will. They sheulc bo broad- 
bend in order that the tube be broadband, and alao in order 
te minimize the refleetions which ceusge osellistions, Thay 
ghould exeite. principally the required slor mode of propagte 
tion en the helix, end © minimum of the fost godess which the 
helix ia s1se cs,;e ce of supporting, Their reaiietion ints 
gpaes should be @ minimum so thet atecting~vave Se. Miceaente 


in the input or output line will Se © timeo imilowtion of the 
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amount of soupling, Finelly, any aéditional perte involved 
in previding the coupling should bea held in place rigidly 


ao that they are unkole to move anout ani thuk upset 





the uniformity of the helix piten. 

The coupling used in these tubes ie patterned after ean 
erpongement first vuaed «t the Sell Telepheite Laboratories’. 
Censidersable time and effort war deyoted toe an atienst to 
Geaign the elugs so that the assembly of slugs, helix, end 
inner glass tuba would form A rigid atreueture. The verious 
types of slugca tried’ are shown in Fioure 5. Of theae (a) 
wae diecerded bensuse of the difficulty of cutting the slot 
in the gless tebe through whieh the helix wire wes to be led 
in omer to veld the wire te the glug. The type shown in 
(5) wie disesrded bacause the helix wire war too brittle te 
be farmed into the sharp bend «t the point where the wire vas 
to be welded to the slug. The one shown in (¢) wee dissarded 
beomuse Lt oroved te be raether aarrow bend anc slso too sene 
gitive to the position of tie fube in the waverulde section. 
After this serkes of tttempts the recpirement that the slugs 
and the inner gleasea tube form 2 rigid rssemoly was abandoned, 
and it wae decided to c¢esign in suen & manner that the gun 
and the eolleector assembly would push seainst the slugs end 
thus held thea in place. 

S11] the messurements of the matehing properties cf the 
sluss mantloned aveve vere aate by simply pletiing the VLR 
et several fracuencies ag a funetion of the elug pesition, 


which wae cerefully meacured by mesne cf a depth gauge. Thle 
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VARIOUS METHODS PROPOSED for OBTAINING MECHANICAL 
RIGIDITY between MATCHING SLUG and INNER GLASS TUBE 


Steel Slug 


Figure 5 





a 
> 


method proved to be vory tedious and the reguits were not at 
él. consistent. A much quicksr method of checking the match 
ing qualities of s slug wes then devised using the seteup 

ahown in Figure 6. Here a frequency modulated slenal vas 
Antroducedé inte a meayic tee. Une warm of the tee waa terminated 
in a flat loed, another arma was terminnted wlth tne waveguide 
section in which the elug under teat was plaged, and the re= 
maining are was terminated in « erystal holder. The outout 
from the erystal was pleced on the vertical] dafleetion slistee 
of a eathode ray op@illosesope. The heritontal sveen was 

driven by the aame voltage used te produce the freauency 
modplated alenal. In this way the slug could be quickly slaced 
in the soosition whieh gave the minimum vertical deflection on 
the ossllleseope, and the effect of small chenves in ¢lug 
position could be quickly determined. 

The first slug tested in this manner and used in the 
first few tubes is ahownm in Figure 7 (4). This seemed to 
have good Presuency and positionel chareeterlatics out wes 
eventually dlecerded for the following ressons. In the first 
pléee, Lt could not ve made in one pieee but hed te be made 
in two pleces. The two pleces could not be welded together 
60 fn attempt wig made te hard solder them. ‘Since the slug 
iteslf wen mede of atalniess steel end the nest was nade of 
tungeten, it wes first neceassry te put a light alexel plate 
en the twe pieces in order te do the heard soldering. This 
entire procedure vag so elumay that it was abennoned and 


another method was tried which involved using & center ouneh 
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= Glass Tube 


Steel Slug. 


(b) 


RODS EVP ecole 


Figure 7 





to forse the side of the slug down on the post ag shown Ln 
Figure 7 (b). ‘this too wer abandoned beosuse the punch 
marke a@eformed the side of the slug so thet it wae no 

longer # good fit in the envelope. In the second pince, 
this type slug was aleo poor electrieeliy. An understanding 
ef thie defect requires first that an explanation be made 

of the choke which is provided to reduse redlation inte 
gpeee. Figure § shows how this cheke le formed. It gon 
sista of 2 cusrterewsve seetion of eoaxiel Line terminated 
in an open circuit, The coaxial line ig made up of the glug 
ag en Liner conductor, a ring soldered on the waveguide as 
an outer conductor, and the tube envelope oc a glass dielec- 
tric, The choke action is thet the open clreuit et point h, 


Figare S, is reflected back se & short cireuit at point @ 





WAVEGUIDE JUNCTION SHOWING CHCKE 
Figure 8 
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ao thet the waveguide ects =3 though the hole in ita aide 
were not present. Sensiderettions of mechanical etrength 
mode it neceasery thet the diemater of the anvelepse be aa 
large thet the coaxial line formed by the aiug and the ring 
wha @apeble of prapagéeting not only the Sn4 weve out alee 
the Ti,, weve. the non-symuctry of the sluj with ite post 
on one glide excited the Iv,, wave in the choke to 9 con- 
eideretle oxtent. “8 2 result the ¢hoking sctien was 50 
poor thet the cower radiated into gpeee wae only «bout 5-4 db 
below the wower incident on the junction. This meant that 
with the elas edjustedi for &¢ gouc meteh 1% was ne ingleation 
that e113 the incident power es eetuslly being tranaemi ited 
onto the Helix. 

The type of slug thet wae Pinslly afepied ie shown in 


Figure 9. ‘ith this type the redleted power la about 20 db 
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Molybdenum Slug 


FINAL SSLUG DESIGN 


Figure 9 
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beloy the power incident on the junction ent the Junction 
exhibits a reagonedly cood mateh (VAWA less than 2.5 between 
3.1 and 3.4% om.}. The mteh reslizeeble with this slug is 
net too sengitive to the poeition ef the tube. Finally, « 
glug of this type La machineable in one plete, and there is 
mo necessity for any clumsy brazing coere tion or any deforna- 


ing punehing operation. 


envelove and #14 





gament. 

The otisaion of the dieleetrie rods whieh had sasrved to 
align the comsonents of the previous tubes made it nesesarry 
that the alignment be provided by the suvelope ite@if. Tre 
precision of alignment necaseary to direst 4 beam of eleetrons 
through # helix 86.75 inches lomg and having an inside diameter 
of 0.056 inches recuired taxt the tube parte be censtructed 
with quite auall tolerances. In feet, the problem ees not 
fully apsresiated at first but beeeme Aouarent ag experlence 
wag gouined in the construction of the tubes. Liven then, in 
evite of using the greatest earea 1A keeping the tolerances 
#8 email ns poasible, only e fair amount of suscess ¥og ob~ 
tained, in thet at best only «bout 60% of the current leaving 
the gun errived at the collecter, 

A beagic difficulty encountered in making the envelopes 
wee the noseuniformity of the conmereially availeble glaes 
tubing. This was sgwgrevated by the neceaglity for oroviding 
sufficient clesrance between glass anc metal parte to sliew 
for expansion of the meatal curing the *Uekeeout* and during 


operation. The first envelope Gesian ueed is ghewn in 
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METHODS USED for ARIGNITe 
ELECTRON GUN inv five eOrs 


Figure {O 
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Figure 10 (a). Here the suout on the gun, crojecting inte 
tne ameli seetion of tne enyslore, wae supposed to hold the 
gun in the proper aligngent. The Tirst tube of this troew 
Mid ten cloee « Pit oetween the gun snout ant the ¢le®es With 
the Yesult thet the tube craAcied = 0 Gh ring ses] during 
"“obake~out", hen snother tube wes Ouilt «1th enowsh ¢leer- 
ange for expeanglcn, tha wun rés out of ling an’ salen free to 
wobble. “8 & result of the gun'sa neing out of line moet of 


ze 


tne current Plowed to the glug inateri of progreding down 
the helix. ©§8 ® pesylt of the gun wonble, the on tliode Lage, 
althourch properly welded te the om thote, simply pulled’ aut 

& portion of the cathode wall ocausine #n open clreuilt in the 
tube. eth ef these problems were golved by shenging the 
envelope to the Zesign ehown in Fieure 10 (b}, Here the 
envelope wes dimpled onto « spseliml herd egarbvon Jie with the 
Almples pisces ap thet orincipal suppert for the zun @#&s 
Lloce ted newer the rear portion of the gun. f this mennapr 

Lt waa possisle to pehieve geod elignament end atlll provide 


the olazranca neosesasry te aellew for expersion, 





“s Longitudinel Magne tle Tisld, supplied by a long 
solenoid into which the tube wos ineerted, served to keep 
the beam from diverging due to apece eharge forses within 
the beam, This arrangement 1s conventional for trevelinge 
wave tubes. Gxperience shoved, however, thet the fTleld of 


this lonz solenoid did not extend closely enough to the 
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gun go thet there was apprecieble divergence or the berk 
aven pefore it vassed through the first elug. To avercode 
thia it “as neeeasery to provide an sdditional lens right 
in front of the gun, ae esnown in Figure 11. This lena pre-e 
vented the veam free diverging inltleally, Gt «et the aame 
time the field from the lena extended inte the gun ana upset 
the electrostatic foeugcing ef the ocean Inaide the gun. the 
best regulte rere obtained vy meking the face af the leng 
near the gui of & magnetle material, steel, while the otner 
face wes meade of Srase. Unlia Orrangement provited & cone- 
tinulty of mewnetic fisia between the lens ana the mein 


goleneid, and at the seme time shielded the gua free the 


ty 
et 


emaneLio fiala, "ith thie combinetion 1t wae poesible to 


eoplleet soout 1.5 me. of gurrent on tae colleeter out of & 


tetel of 2.5 mi. lesving tis gun. 
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OHALTEUR Tit 
MLAB ISMONTS 
General Inforuation. 

«= total of elght tubes were bullt in this serdiee. « 
limited amount ef data wag obteined from tube 4} up to the 
time it became unusable due te an open cireuit at the enthode. 
Hogt of the metsurauents were meade on tube 7, elthough enough 
Gate were obteined on tube & to inmiictts good sorregpondence 


between these tvo, 411 the others vers cownlete fallures, 


Sffect of Voltage on Gain, 

At eo fixed frequency the gain versus Seam voltiase chore 
geteriatic le readily cbteaitned. A 60 eyele voltage is used 
to ¢weep the dveam voltuge sbout the point of wexinum gein, 
and @1s0 to provide the horizontal ewees of « emthede ray 
oscilloscope. Sy applying the reetifled output of the tube 
to tne verticsl deflection plates, the gain versus vol tare 
cheracteristie may be viewed directiy on the oseilloscope, 

The oselllegreass shown in Figure 12 were obtained in 
this manner. The curves of Figure 12 (8) asply to tube 7 
Of thie series, Here curve © was obteined at an input power 
eof adout one alocrorwatt, while curve J was obteined at an 
input power ef sbvout 25 mw. For both these curves the hori- 
zontal sweep represante 2 600 volt chenge in beam voltage. 
the vertical sewle vag not callvrated, but it wae necessary 
to introduce about 30 db loss ahesd of the erystal in order 


to reduce curve 3 to epproximately the sAte helwht «es aurve A 
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on the oseilinecone. Comparison of these curves indicates 
that the voltage of optimum gain isa about SO volts higher eat 
the higher level of input power, Although it ils not shown 
in Figure 12, 1t wag noted during the couree of these mea¢g~ 
wuryementsg that there ig no aspreelable change in the voltae 
of Gotimum wein until the innut power exceeds mhout 5 mw, 
There is e@ significant aifferesence between ths lowelLevel 
characterigtic of tube 7, curve 4 Figure 1° (a), and the 
eorreapending ohereeteriectica chearved hy other Loivesticators. 
This @tfference La snperant by compariaeon with Figure 12 (bo), 
which applies to one of the earlier tubes of tnia progrem. 
Notice the wiggles on eltner side of the orlneipsnl gein petk 
of this curve. these wlepler are predicted by the smell- 
Signet theory ag the result of interference between the three 
forwer4 waves wnich oan exist in the presence of an electron 
bean,  Theoretionl cain va. valteges chereoteristics shovriiy 
this interference effect heve been slotted’. this effect hes 
invariably been present in the charscteristica of ether tubes, 
even including the short-lived tube 4 of thie series. The 
wiggles are not present, however, in the tube 7 charneterictic, 
nor in the tuhe & cheracterietic, which is net shown. This 
muct be dune to the neture end Llecetion of ths lossy section 
bullt into tubes 7 and &, since the principal difference 
between them and tube 4 ig that the latter Gid not have eny 
lossy section. the aonence of an interference pxitern cannot 
Be explelinea bimoly oy the faet that @ loeay section wee ine 


cluded in tubes 7 end & The tube which yielded Figure 1° (5) 
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a&leo had s loesy seetion, but 1¢ was of a different form, 
There the Losey material wae peinted on the four ceramic 
rode used to suppert the helix, and the loss was therefore 
Giseontinuous around the helix periphery. In tubes 7 and 
& the less is continuous sround the helix perishery. Fur- 
thermore, in these latter tubes the lossy eeetion is some~- 
what nearer the tasut end, wherees in the aerlier tube it 
waa loce ted miieay alone the helix. One or beth of these 
aifferences muet be responslole elther for a mers complete 
attenuation of the nonegrowing wares, or for a decrersced 
exeitation af them in the portion of the helix following 
the loss. 


%@ turn new to the curve of aptinum beam voltage aus & 


G3 


function of frequency for Low-level cperation. According 
to the theory, this curve sgheuld be of the seme form ag the 
curve of vuheee velocity vergus frenuency, see bigures 2° and 
i, The aveilebdle ogeilletor covere a bendwidth of about 
1200 megneycles per second, which is only about 15% of the 
nominal operating frecuency, Measurements were made which 
indicete that the beam yvoltawe versus frecsueney curve is 
fist over the operating range of frequencies covered oy the 
esciliater, Thia is snown in figwre 13, which also ahows 
the effect of nelix piteh on optimum beam voltege. En the 
case of tube 4, which did not have any losey seection, some 
additione. pointa were obtelned by mensuring the osellletion 
wavelength. There ie good eorreéspontience between the fern 


of the ourvea of Figure 13 end these of Figures 2 and 4, 
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wut and Gain et a Fixed Fre. iency. 





The seteup used for making these teseurements is shown 
schematically in Figure V4, and photographically in Figure 
15. ower from the esoilleter is fed into e magic tee where 
it divides ecusliy betvreen two of the emae. One of these 
Brme ie connected to a themaistor mount at point 4, Figure 
14, while the other is cennected to the input of the travel- 
ing-wavye amplifier. 4 alotted section is essential on the 
emplifier side of the tee to adjust the mateh at the wvave- 
guide junction. The output of the ariplifiler Le connected 
to a second thermistor mount at point 8, Figure 1. Ceali- 
brated attenuatore, placed in front of each thermistor mount, 
permit operating each mount, with ite asseciated bridze, in 
the range of best aecurecy. Sefore any menxeuremente were 
made the amplifier was replaced by the escond thermistor 
mount and meseurements vere meade to verify tneat the same 
amount of power wasn actually coming out of each arm of the 
tee. The set-up waa then reaesembled and mes surements made 
by simply varying the porer entering the magic tee, and 
reading tne Input end output direetly on the bridges. 

The results are shown in the curves of Figure 16. 
Aetually, tne gein is nesrly constant for inout power levels 
ef stout 100 microwstts or lesa, mt the gain falle off 
quite raplély as the tubs vecomes gsatursted. *& nighly setu= 
rated region is finally reeches where an in¢cresse in the 
input pewer omusee a decrense in the eutout power. Ante 
that the baam voltege wee sointéinee at the optimum value 


for low-level gain throughout these meseurements. This is 


as 
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tn sceordsnce with the conditions whish would prevail if 

the tube were to be used as 2 low-level anplifier. It was 
pointed out in the preceding section that the voltege of 
optimum cein does not chenge appreciably until the input 
power exceeds ebout 5 mw. Note that the maximum power oute 
put eorresponis to an input power of about 2.5 mw, There- 
fore, we are justified in comparing the measured meximun 
poser output with the theoretical maximum power output whieh 
is calculated below. 

Since there sre many factors that ere not known, end 
gince the theory is only approximate, our calculation can 
herdly be more than a good guess. Ye expect, hovever, that 
our compsrison will show correspondence @t least ag to order 
of magnitude. This computation is in aecordance with the 
procedure outiined by Poors’. fe atart with the known cone 
ditions of tube operetion which ars, in Yierce's notation, 
V, = 1850 volts, 

I, = 2.0 ma (this is a compromise velue arrived at from 
the messured values of helix current = 1.0 ma and 


collector current = 1.5 ma), 
10 


: 
i 


5.63 x 10°° rad. /sec., 


i 


a . 
B oe 1.8/7 x 10° rad,/meter, and 


2 0. 032 inches, 
We agsume thet the helix 1s lossless, and that the tube is 


operated at synchronous velocity. 
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absolute voltage level may be 1U or more volte in error. 
With the mechanical position of all parts, including attenu- 
ater settings, held fixed, the electrical length of all the 
@lements except the smplifier, is constant for any one fre- 
quency. Any snift in the locetion of the minimée must 
therefore be due to & change in the electricn1 Length of 

the amplifier. Sinee the mechanical length of the amplifier 
ie aleéo a constant this change in phése shift can de ine 
terpreted #29 a change in the svhase conatant of the amplified 
weve. «A sample calculation of change in phese shift for a 


ae 4 ur in 3 Hiei) of ~? t low, a 
viven shift of minimum is <iven belo corre of inerenertal 
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Wave whose phe ce —» 
is @ function of 
beam voltace. 


~ “Save whose shase 
is independent of 
peam voltege 


~Lotted veation 
Fisure 22 


Let wave traveling to left be rer 3B gt. 
+ 4 ® * right * pet 1 Faz ~JP 


where 
B g = phase constant in the slotted section, and 


B = phesee angle by which wave B&B lags wave A. 
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Agsume that the attenvators heve been set so that « = B&B, 
Ghoose coordinates so that the sum of the waves is zero at 
4 = Q for &11 velues of time. 


Tnen A(e7 sd" + ar J ~JP) =z Q, (2) 


and SG = (2n*1) il. (2) 


For a change in the vhese shift AP, the minimum will shirt 


by an amount 2 eso the sum of the waves may be written ag 


a( en YPg2 3 eI gt ~ Jp +*AB), =O. (3) 


Therefore SB og ~f3.,% ote B A | A=( amt1)Y, (i) 
Subtracting (2) from (4) eives 
=2 2 * = (sen) 7 
sane a (s-n) WY (5) 
or Ag 2. 2% 2men)%/, 


For Ag <2 4, men, and Ag = 2fB 2. 


We now apply this result to solve for 4 @ correspond~ 
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ii 


ing to 6 typical observed velue of z. For the Jominsnt wave 


in @ rectangular waveguide fille. with air 


where 
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A = wavelength in free soace, and 
b= wide dimension of the wsveguide. 
The known eoenditions of operation for a typical case are 


z= 0.29 on, 


i 


b= 0.9 inches, and 


3.130 om. 
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therefore AA 2 


1.30 e 
L = (sesgytacgiy) = 0-846 





raeadianga, 


here 1s no adecuete theory for the case of & losay 
helix so we cannot meke #® cuantitative cheek vetween the 
observed and computed valu ot OE Ye can make a aqunii~- 
tative check by proceeding =.3 i From the obecervetions 


1% is known mr ZA O. ‘therefore, since we have chogen 


Bp « >o, aN be nthe nay be written as a g AB.» 


where 
2B, = incremental phaee conetant of the growing 
wave in the tuhe, »nd 
ze = Length of the tude. 


since z_ 0 <o which agrees .ualitetively with the 
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theory for s logsless helix 
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4ttenapts to measure change in ghese shift as s function 
of insut cover level were rether unsuccessful. Shsro minime 
could not be obteined st all power levels for the same sete 
tings on the variable attenustors, Any changes in these 
attenuetore alee introduce pheve shift of &n unknown amount. 
In addition to this, when e reflex klystron is operated near 
its maximum power output, any small change in the pover out- 
put causes ¢ change in the frecuency. Due to the rather long 
@lectricel lengtn of the amplifier end the waveguide, any 
chengzge in frequency will upset measurements of change in 
phese shift by this method completely. The meager data that 


were obtained indicated that the change in phase shift as s 
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function of beam veltsge is rather independent of yower level, 
end thet for =» enastunt deam voltege, the chanwe is phase 


6ulzgt es a funetion ef power level La cuite email. 


Noise Fivure. 


Noise figure me@auremenite vers mde uging the feteup 
ehown schematicelly in Figwre 2%, end photegraphically in 
Figure 25. The outout frem the tube is fed Into a convene 
tional superheteroiyne radar reesiver emmloving @ erystel 
mixer. The outout of the receiver is fed inte a tyne Af 
Oscilleseope. 4 type 146 U/P signsl generator is used to 
furnish & series of frenuensy soruleted pulses. “he genere 
ator includes ea thermistor brides endl calibrated sttenue tars 
g0 thet the peak sover in the oulse can be eet ecourstely. 
The procedure ia to turn up the reeviver wain until about 
oneehalf inch of noise es sears on the osellleseone. Then the 
signel generator is sat so thet tne onlse is juet diseernible 
in the noise. Thies corresyponis te on cutout signal-to-noise 


Gt 


ratio of one. Tre signal power nececaary te broduee thia 


eondiition is noted end the nelle Pieure for the entire syeatem 


4 5 y 
igs simply the ratio SRB . where 


_ — 7 
& = 1, 56x10 > Joulea per degree fosolute, 
i= Kosolute teupereture of eystern téken 
o 
ag 300°, and 
Ha nffective Satwidth of the aystes 
| _— | 
which in this c®@se@ ise tazan “8 cx, 


the effective venmdwidth of tae receiver. 
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Since the dial of the signal cenerator creeis in ob below a 
milliwatt it is conventent te convert ATS te 110.8 4b below 
a milliweatt. The noise fiseure in dp fer the syatem is then 
found by merely subtracting the clei veeding from 110.8, 
ane formula fer finding the nelse figure #3, of the first of 
& sgeriés of Glements in Gaseace, "aan tne overail noise 


Lh "g-2. 
figure ls Known, le” #, = - 





we 
where F = Noise fleure of entire cysten, 

Fa = WNeise figure of entire syeten with the firet 

element omitted, snd 

G, = Hower gain of the first element. 
Sinee the tubs eeing considered nes ® cover Rein of over 10, 
Glearly the noise figure of the tube ie fimply the noiee 
figure of the entire system of Which the tune is the first 
element, 


Figure 26 shows the nolee figure for verioue velues of 


total beam ovurrant. yor these “-Aeuremenisas the totel pear 


ou 


surrent wag varled oy putting © nesetive voltxge on the 
eathede electrarie, the somlonente of tne totel Nolse ener 
ated in the tube are shot noise @na Partition nolee. “hot 
noise depenisa on the megnitude of the oeam auirrent, while 
partition naise depende on the percentaes of tas beam cure 
rent metting through to the collector, It Bo earg thet thre 
principal nolse gource in thie tube ls the partition noise 
since the percentage of beam current <etting through to the 
collector le nearly indepenien®t of the meenitude of the beam 


ou rrent 2 
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Taats, which were by no seens exhauctive, were sede of 
a achere for imuroving the noise figure oy the uae of posi~ 
tive feedbsck. The besic seteup for mesauring noise figure 
wer modified a shown by the desse@ Linen of Figure 2. The 


reestiure here is te edjurct the vmmae gnifter in tae fTead- 


< 


at 


Ui 
back Line gc me to maximise wae @ienel. Tale shoul wive 


f 


= 


ineres sed signmel power out, racpmes the noise, wnioch is 
completely random, shanvld ue une fTeated of eny phsee shift 


introvveed in the feedcusick Line. Lt te 


S 


expected thet the 
Net peswult would be an Laprovement in the neise Tieure. The 
resulta obtained were newetive, 20 Ws poweselole to maximize 
the gig@gnal using poaitive feedveox, oul under trees coandie 
tions the noise figure wae the ects &@6 Tor ne Teedveck, sy 
@djusting the phese shifter for newaetive Peweabeok 1t wes 
pPessible to meke the noclee “igure somewnant woree then for 

no feedbeek. Under same cenuitiong the chase anifter did 
exhivit an effect on the nolew which is contrary tae exec ta- 
tions. 4) expleanitien of thie effect ean ve given @&t this 


tiwe. 
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Vey-ificution of the Theory. 

The besic problem underisken #ag to reslilse an Lneres«ce 
in steble gain over that exhibited oy the esrlier tubes ef 
the program, That this was eceomplishwd in two similar 
tubea orovides adat tionel verification of the theory, end 
indicates ineressed underetaniing of the faaters which prie 
merily control gain and gtabllity. the aensureents of the 
effect of beam voltege on the  ~ihiee Velocity of the crowing 
wave serve 2g &@ qu@élltetive cheek on one perticular aspect 
of the theory, Although thit effeet nad been noted earlier, 


there 1@ no prior record af oeareful aeasurewenie of thie 


a) 


effect extant in the literature, Ue theory, 48 sow uncder- 
stood, applies orimerily to emeallesignei operetiagn. the 
effeet of higher level operstion on optisunm Seam voltege 
ana the saturation effect, which were noted, ar@ predicted 
by the present inadecuets large-agipnel theory, tren the 
uregent smallesignal theory le insdecuste in that it dees 
mot predict the neture, amount, «ni loertion of the inten. 
tional loss, introduced te mippreesa oseiiietion, for 
ootinum performence. The deaision to vee concentrated 
loss, ooth inside and ounteaide the dielectric #hall, and 
Located eomewheat nesrar the input end af the helix, me 
mesed on qualitetive thinking ond on unpublished infornma~ 


tion obteined from the Generel Llectrie Gonpeny. there ig 


4 yes 
ee) 


—a, _* = 
= 


| 2ttoest si To LOLPAStsush 
eeewrees @* edi Tien OF cee meouephey Pelee osend cot |. 
We bee Witrae ee of Bet to fixe Ped? “ees Obey ofdety ad 
Valiants G3 OD beled lqnhees vow ety wet cargo ney 
tne {YVOOTP BE FE HOSTAL iver Semnttinde santrery eeced: 
~EVT Hod srotool fl De UMA ewetwe ecentecl seenaetcl 
Od LF OFaserteR WD A ThOeTe Bom nie lowtwon eizenw 
frleeny ot 1H @ieeler esac, etf no syedfor sent Yo teetie: 
20reee COCHPLT ey te oo Beety oy ites itees & ee severe ever 
AP itee keTee ened bar epedee ath) cyumtetA .emesd ml ty 
Ste So WU eeeere Cetyter te Ptoery Sulsc wm of weet 
TONED CoH cm YQceet eT .e bres eS oe mt teteKe Teeth 
ww WelsrimS Large ifors  YEberewsy ds Lime Lowe 
Oye oe need eamirye Or autsecege Devel weeds te teedte 
Setters wie Deton emer Hels Teor mot me ae tne 
Ms OTA een Langlemvyiel s7 eed! faeeoyy, nek ot 
Ohh 72 Fel A aiewrefens 24 yeent? Leque-(lann foepeny 
mein) a Io Aeituanl bee feworme eter ED DELOewy fon 
SUT AOE A Siete cervage of bemenetre? jewel Pens? 
Serweierante Gay 82 Ode deeh nel wneoemoliey Geettee 
Dan , feta olvdoateth s47 shintuw dew ohieni gree jase! 
See Ai ied et Ye oe ORL WS eval Prsteemon bet wood 
RENAL Bate Dey me hme LAER OULD SL wm bow oe 
el ool ype’ bine Kewseel wit wort pended enat 
























> 
Cr? 


NO resaeon to believe thet the optimum loas con? lure tion 
wee used. It is eleer thet this loss © -ramnvement is 
superior te thet used in the gerller tubes since the ogo 


eillations were completocly guvopressed. 


mite tlons. 
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the principal Limitations of these tubes for low-level 
operation are the high noise figure end the oulk ef the 
auxiliary itemge such a¢ fecusling celis enh sewer supplies. 
The latter is not serious but is merely 6 matter of énq~ 
gineering design. svust how serious the former te will aot 
ve Enown until the design is perfeeted to the point that 
shot noise and partitien saclee are nt en irreduciole waini- 


WUT 


nusugogtiong for Puture study, 

4. ooneerted effort should be Made to perfect the elege= 
tron gun deaign. The gun shoulda aot be eonaicered sione, 
Dut the gun €nd tne bean foouging outside the gun showld Ow 
treated ag & oOMpOsgite provlem., AM AMprevred sun emt Toguge 
ing vombinaticn sould ald weterlalily in reducing the pare 
tition noise. 

Laprovements are possible in the design of the ref 
coupling beteean The helix Mid Whe external ciraiite. 
apeclLficailly, theese couplinge eheuld be made mare orond~ 
bimi, iney snould be teslgnedt go thet the tusr enn be 
rewoved or inserted st wilt, Dut in sueh 4 @annér that upon 


insertion of the tube, the coupling will be poritively end 
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seourely ecteblished., the dealgn should be such thet 
redietion inte spaee in nearly enueal to zero. 

Further measurements of the effeet of positive feede= 
back should ve made to eetablien the weximun cteble gain 
thet can be attained, and the effeet on oandeidth, The 
incomplete date thet were obt#ing in connection with the 
effeet of feedoack on noise indicated that under certain 
cenditiens there §96 & shange in the nolsee ea © pasult 
ef chenges in the phase shift of the feedveckh line. Tie 
would mot ce expeetes of noise thet i commletely reandem. 
Careful investigation of tale chenomenon may reverl some 
useful information es to the nolte gourges Im the tuse, 

& gtudy should be asde of the pmaglollities af modue 
lating « traveling-wave amplifier. The usefulnese of phese 
modulation, which Le peasible oy varylng the Seas voltege, 
enould be investigsted. 496 4 varintion of tais the ampli- 
filer might be converted te a sioble osellister by the use 
of controlled Peedbeak, and an investizetion mde of the 


effect of beam voltews on the frequency cf oscil ie tion. 
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